Forty-seven of 61 bacterial cultures, including strains of Pseudomonas, Xanthomonas, Erwinia, Agrobacterium, Corynebacterium, Serratia, Klebsiella, and Escherichia, remained viable after storage in frozen methylcellulose or in dried methylcellulose for up to 38 months. Pathogenicity remained intact for those strains tested. Bacteria were grown on a solid medium and then removed and placed in 1.0% methylcellulose (cellulose methyl ether) to make a final suspension of 10' colony-forming units (CFU) per ml. For storage in dried form, the bacteriamethylcellulose suspension was placed in a petri dish and dried in a forced-air incubator. After 24 h of storage at 25°C, viable populations of 105 CFU/mg (equivalent to 106 CFU/ml) were recovered. Populations of 102 to 104 CFU/mg were recovered after storage of up to 38 months. Similar results were obtained in frozen methylcellulose. Survival was greatly enhanced when the growth medium for the bacteria was potato dextrose peptone rather than nutrient agar, yeast dextrose calcium carbonate peptone, or King's medium B. Addition of 0.1 M MgSO4 to the methylcellulose suspension and to the resuspending liquid also increased survival and recovery from storage for some strains. Methylcellulose storage should be a simple, inexpensive, and reliable method of maintaining cultures for short or long periods of time.
The preservation of bacterial stock cultures to maintain viability and biochemical or virulence characteristics is an integral requirement for the continuity of microbiological research. Shortterm and long-term storage techniques are employed routinely because bacterial strains often lose desired properties or characteristics after repeated transfer on culture media. Numerous microbial preservation techniques are available, but these generally require extensive preparation of the storage menstrum and expensive equipment for freeze-drying or low-temperature maintenance of cultures. Lyophilization (2, 8, 22) is generally accepted as the most reliable storage method, although mutations, loss of virulence, and loss of viability during storage occur with some strains (3, 6, 13, 18) . Low and ultra-low (liquid N2) temperature storage also have been used effectively (3, 5, 12, 15, 17) . Among the numerous materials and methods used for preserving bacterial cultures are sterile water (22) , phosphate buffer (21) , sucrose (4), dextran (4) , mineral oil (4), glycerol (3, 8, (15) (16) (17) , dimethyl sulfoxide (6) , polyvinyl pyrrolidone (6) , polyacrylamide gels (5) , and, most recently, anhydrous silica gel (6, 9, 18, 21) . The effectiveness of each material depends greatly on the bacterial strain and the duration and conditions of storage (11, 12, 19) .
While developing techniques to apply specific plant growth-promoting bacteria to seeds in a powder form (T. Suslow, Ph.D, thesis, University of California, Berkeley, 1980), we observed that cellulose methyl ether (methylcellulose; MC) is an effective menstruum for storing bacteria for both short and long periods of time. Initial experiments suggested that it could be used as an alternative to lyophilization and liquid nitrogen storage and should be especially useful for small laboratories interested in a fast, simple, inexpensive, but reliable method to preserve bacteria. This paper reports the development of methods using frozen and dry-film MC to store bacteria. A preliminary report has been published (20 Bacterial strains stored in MC. Sixty-one bacterial isolates, including representative strains of Agrobacterium, Corynebacterium, Erwinia, Escherichia, Klebsiella, Pseudomonas, Serratia, and Xanthomonas, were tested for viability, pathogenicity, or other biological properties after storage in frozen or dry-film MC. Bacterial strains evaluated for survival in these studies were obtained directly from plant material or from our bacterial culture collection. Strains from the culture collection had previously been stored as lyophilized cultures, in half-strength nutrient broth, or in sterile tap water. A list of strains used in these tests is presented in Tables 1 and 2 .
Pathogenicity of plant pathogenic bacteria was tested by standard wound inoculations of appropriate host plants or by hypersensitive reaction on tobacco (Nicotianaglutinosa var. Glurk) (10) or by both methods. The biological activity of Agrobacterium radiobacter 84 and plant growth-promoting rhizobacteria were tested by in vitro antibiosis tests (14, 20) . A. radiobacter 84 was also tested for maintenance of in planta antibiosis against Agrobacterium tumefaciens C58 on tomato (14) . Plant growth-promoting strains Pseudomonas putida SH5 and B4 and P. fluorescens RV3 were inoculated onto sugar beet and evaluated for plant growth enhancement and antibiosis towards fungal and bacterial plant pathogens according to described procedures (Suslow, thesis) .
Effect of growth media on bacterial survival. Four standard bacteriological media were compared for their effect on survival of E. carotovora subsp. carotovora, E. carotovora subsp. atroseptica, A. radiobacter 84, and A. tumefaciens in MC. Media compared were KB, nutrient agar, potato dextrose peptone, and yeast dextrose calcium carbonate peptone. Bacterial strains were incubated at 28°C for 72 h and then washed from each medium into 0.1 M MgSO4 and placed in a 1.0% MC solution. Bacterial suspensions were adjusted to approximately 109 CFU/m1.
Initial populations for each suspension were determined on KB by dilution series plating. Samples of each bacterial strain from all source media were prepared for frozen or dry-film storage as described. Surviving populations of each strain were. determined at various intervals up to 8 months by dilution plating on KB.
Effect of MgSO4 on increasing bacterial recovery from MC. On the basis of several reports (12, 15, 17) (Table 1) . These periods, however, do not represent finite periods of survival but were sampling times selected to coincide with the time of this study. The populations of bacteria after 38 months of storage ranged from 2.3 x 102 to 9.8 x 105 CFU/ml and varied depending upon species and strain. Strains of E. carotovora subsp. carotovora, E. carotovora subsp. atroseptica, and Erwinia chrysanthemi did not survive longterm storage in frozen MC by the original procedures. Revised procedures that increased survival of these bacteria in short-term tests are presented above.
S. marcescens, E. carotovora subsp. carotovora, X. campestris pv. begoniae, P. syringae pv. syringae, and P. fluorescens survived periodic freezing, thawing, and refreezing in individual vials of 1.0% MC. Although populations declined from initial populations of 5 x 10' CFU/ ml to final populations of 105 to 106 CFU/ml between isolation intervals, sufficient numbers survived for adequate recovery. E. carotovora subsp. carotovora did not survive successive freezings as well as other strains tested, declining to 7 X 103 CFU/ml after the fourth freezing interval.
Storage in dry-film MC. Of 44 bacterial strains, 37 were susccessfully stored in dry-film MC, at ambient temperatures (23°C), for periods ranging from 18 to 38 months (Table 1) . A drying temperature of 10'C was most conducive to survival for all strains tested. Many Pseudomonas, Xanthomonas, Corynebacterium, and S. marcescens isolates survived equally well at the more rapid drying temperatures, 24 to 32°C. Strains of E. carotovora subsp. atroseptica, E. carotovora subsp. betavasculorum, E. carotovora subsp. carotovora, E. chrysanthemi, and Pseudomonas solanacearum survived for periods ranging from 1 to 16 months at low populations.
Strains of E. chrysanthemi differed markedly in their ability to survive storage in frozen and dry-film MC ( The effects of amino acids, polyhydric alcohols, dextrans, and sugars used for protection of bacterial cultures from dehydration have been noted (19) . Of the sugars, the larger trisaccharides were. claimed to give the best protection from desiccation. MC, also a long-chain polymer, would appear to maintain an environment protective from complete dehydration. Strange and Cox (19) (12, 15) . Suspending bacterial cells in distilled water, as was the method of reisolation from storage early in our study, strips Mg2+ from the cell membrane, causing damage, and increases subsequent damage by both freezing and thawing. The addition of 0.1 M MgSO4 to the suspending medium increased the survival of P. syringae pv. phaseolicola in frozen MC. The survival of strains, such as E. carotovora subsp. carotovora and P. solanacearum, that were more sensitive to freezing in MC may be increased with the addition of Mg2+ into a complex growth medium.
The advantages of the MC culture preservation technique are the simplicity of preparation compared to other techniques, the maintenance of pathogenicity and biological activity characteristics, and the versatility of storage and reisolation. These techniques also can be easily modified to suit a particular need or storage vehicle. For example, cultures have been shipped through the mail as strips of film, or have been coated onto glass slides and glass beads for shipping. MC storage appears especially useful as a short-and long-term culture preservation technique which complements lyophilization.
LITERATURE CITED
